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(54) PISTON FOR A COMPRESSOR AND PISTON-TYPE COMPRESSOR 

(57) A piston (11) in a compressor reciprocates 
between a top dead centre and a bottom dead centre in 
a cylinder bore (2a) via a driving body (9) mounted on a 
rotating shaft (6) in a crank chamber (5) in association 
with the rotation of the rotating shaft (6). The piston has 
an external circumferential surface that is in sliding con- 
tact with an internal circumferential surface of the cylin- 
der bore (2a). Grooves (17; 44; 46) extending in the 
axial direction (S) of the piston (11) are formed in the 
external circumferential surface of the piston (11). Lubri- 
cant adhering to the internal circumferential surface of 
the cylinder bore (2a) is collected into the grooves (17; 
44; 46) in association with the reciprocating movement 
of the piston (11). and when the grooves (1 7; 44; 46) are 
exposed from the inside of the cylinder bore (2a) to the 
inside of the crank chamber (5). lubricant in the grooves 
(17; 44; 46) is supplied into the crank chamber (5). The 
driving txxJy (9) and the like in the crank chamber (5) 
are lubricated by means of this lubricant 
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Description 

TECHNICAL FIELD 

The present invention relates to piston type com- 
pressors that convert rotation of a rotary shaft to linear 
reciprocating movement of a piston with a driving body 
such as a swash plate. 

BACKGROUND ART 

Compressors are used to air-condition passenger 
compartments in vehicles. Piston type conpressors are 
typically used for such compressors. The piston type 
compressor has a driving body, such as a swash plate, 
for a reciprocating piston. The driving body is supported 
by a rotary shaft in a crank chamber and converts the 
rotation of the rotary shaft to the linear reciprocating 
movement of the piston in a cylinder bore. The recipro- 
cating movement of the pistons draws refrigerant gas 
into the cylinder bore from a suction chamber, com- 
presses the gas in the cylinder bore, and discharges the 
gas into a discharge chamber 

The typical piston type compressor draws the 
refrigerant gas from an external refrigerant circuit into a 
suction chamber by way of the crank chamber. In such 
a compressor, in which the crank chamber constitutes a 
portion of a refrigerant gas passage, tiie refrigerant gas 
passing through the crank chamber sufficiently lubri- 
cates various parts in the crank chamber, such as the 
piston and the driving body, with the lubricating oil sus- 
pended in the gas. 

There is also a type of compressor that draws in 
refrigerant gas from an external refrigerant circuit with- 
out having the gas flow through its crank chamber. Jap- 
anese Unexamined Patent Publication 60-175783 
discloses such a compressor. In such a compressor, In 
which the crank chamber does not constitute a portion 
of the refrigerant gas passage, the various parts in the 
crank chamber are lubricated mainly by lubricating oil 
that is Included in blowby gas. Blowby gas refers to the 
refrigerant gas in the cylinder bore that leaks into the 
crank chanrtjer through the space defined between the 
outer circumferential surface of the piston and the inner 
circumferential surface of the cylinder bore when the 
piston compresses the refrigerant gas in the cylinder 
bore. 

The amount of blowby gas, or lubricating oil, sup- 
plied into the crank chamber is determined by the 
dimension of the clearance defined between the outer 
circumferential surface of the piston and tiie inner cir- 
cumferential surface of the cylinder bore. Accordingly, it 
is necessary to Increase the dimension of the clearance 
to supply a sufficient amount of lubricating oil to satis- 
factorily lubricate the various parts in the crank cham- 
ber. However, a large clearance between the piston and 
the cylinder bore degrades the conrpressing efficiency 
of the compressor 

To cope with this problem, compressors having a 



structure such as that shown in Rgs. 22 and 23 are 
known in the prior art. The compressor shown in Fig. 22 
has a swash plate 124, which serves as a driving body 
and which is mounted on a rotary shaft (not shown) so 
5 as to rotate integrally with the shaft. Shoes 125 are 
arranged between the swash plate 124 and the rear por- 
tion of a single-headed piston 122. Each shoe 125 has 
a spheric surface, which is slidably engaged with a 
retaining recess 122a of the piston 122. and a flat sur- 
10 face, which slides on the front or rear surface of the 
swash plate 124. When the rotary shaft and the swash 
plate 124 rotate integrally the swash plate 124 serves to 
reciprocate the piston 122 in a cylinder bore 123 by 
means of the shoes 125. 
15 The compressor shown in Fig. 23 has a wobble 
plate 128. which is mounted on a rotary shaft (not 
shown) ard which rotates relatively with respect to the 
shaft. Rotation of the rotary shaft causes oscillating 
movement of the wobble plate 128. A rod 129 has a 
20 spheric body 129a formed on both of its ends. Each 
spheric body 129a is slidably held in either a retaining 
recess 128a of the wobble plate 128 or a retaining 
recess 126a of a piston 126. Rotation of the rotary shaft 
oscillates the wobble plate 128. The oscillation is trans- 
25 mitted to tiie piston 126 through the rod 129 and recip- 
rocates the piston 126 In a cylinder bore 127. 

In the above compressors, an annular groove 121 is 
defined in the outer circumferential surface of each pis- 
ton 122, 126. Lubricating oil, adhered to the inner cir- 
30 cumferential surfaces of the cylinder bores 123, 127. 
collects in the grooves 121 as the pistons 122, 126 are 
reciprocated. The grooves 121 are exposed to the 
inside of the crank chamber as they extend from the cyl- 
inder bores 1 23, 1 27 when the pistons 1 22, 1 26 move to 
35 the bottom dead center position. Accordingly, the lubri- 
cating oil collected in the grooves 121 is discharged 
toward the swash plate 124 and the wobble plate 128 
(i.e., the crank chamber) when the grooves 121 are out- 
side of the cylinder bores 123. 127. The coupling 
40 between the swash plate 124 and the wobble plate 1 28, 
the associated piston 122, 126. and other parts are 
lubricated by the lubricating oil. Thus, in compressors 
having such a structure, the various parts in the crank 
chamber may be satisfactorily lubricated without enlarg- 
45 ing the dimension of the clearance between the pistons 
122, 126 and tiie respective cylinder bores 123, 127, or 
without reducing the compressing efficiency of the com- 
pressor. 

However, the compressors shown in Fig. 22 and 23 

50 also have the following disadvantages. 

As the pistons 122. 126 approach the bottom dead 
center, the length of the pistons 122. 126 remaining in 
the associated cylinder bores 123. 127 becomes small. 
The pistons 122. 126 reciprocate within the associated 

55 bores 123, 127 in a manner such that they are sup- 
ported by the inner circumferential surfaces of the cylin- 
der bores 123, 127. As a result, when the length of tiie 
pistons 122. 126 accommodated in the associated 
bores 123, 127 is small, that is. when the portion of the 
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pistons 22. 26 supported by the associated bores 123. 
127, becomes small, the support by the bores 123. 127 
is unstable and causes a loose fit. As shown exagger- 
ated in Figs. 22 and 23, this leads to interierence 
between the edges of the grooves 121 in the pistons 5 
122. 126 and the edges of the associated bores 123. 
127. This not only hinders smooth reciprocation of the 
pistons 1 22, 1 26 but may also cause abrasive wear and 
damage of the edges of the grooves 121 in the pistons 
122. 126 and the edges of the associated bores 123, w 
127. 

In the compressor shown in Fig. 22. the rotating 
movement of the swash plate 1 24 is converted to the 
reciprocating movement of the piston 122 by means of 
the shoes 125. The compression reaction and inertia! is 
force of the piston 122 act on the swash plate 124 
through the piston 122 when, for example, the piston 
122 moves toward the top dead center from the bottom 
dead center to compress refrigerant gas. The force of 
the swash plate 1 24 acts on the piston 1 22 as a reaction 20 
force, and a portion of the reaction force acting on the 
piston 122 is applied in a direction in which the piston 
122 presses the inner circumferential surface of the 
bore 123 due to the swash plate 124 being inclined with 
respect to a plane perpendicular to the axis of the rotary 25 
shaft. Thus, in the compressor shown in Fig. 22. the 
groove 121 of the piston 122 hits the edge of the cylin- 
der bore 123 with a stronger impact and causes the 
problem of abrasive wear and damage to become fur- 
ther prominent in comparison with the compressor 30 
shown in Fig. 23. 

The object of the present invention is to provide a 
compressor piston for a compressor and a piston type 
compressor that is capable of moving pistons smoothly 
while also supplying a sufficient amount of lubricating oil 3S 
to members which drive the pistons. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, a piston of a compres- 
sor according to the present invention reciprocates 
between a top dead center and a bottom dead center in 
a cylinder bore by means of a driving body mounted on 
a rotary shaft in a crank chamber during the rotation of 
the rotary shaft. The piston has an outer circumferential 
surface that slides against an inner circumferential sur- 
face of the cylinder bore. The outer circumferential sur- 
face of the piston Is provided with a groove extending in 
the direction of the axis of the piston. 

Accordingly, during reciprocation of the piston, 
lubricating oil adhered to the inner circumferential sur- 
face of the cylinder bore collects in the groove. When 
the groove is exposed to the inside of the crank cham- 
ber from the cylinder bore during the reciprocation of 
the piston, the lubricating oil in the groove is supplied to 
the inside of the crank chamber. The lubricating oil lubri- 
cates the driving body and other parts in the crank 
chamber. The piston moves smoothly since the groove 
extending in the axial direction of the piston does not 



interfere with the edge of the cylinder bore. The groove 
also decreases the sliding resistance between the pis- 
ton and the cylinder bore. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing a first 
embodiment of a compressor according to the 
present invention; 

Fig. 2 is a perspective view showing a piston 
located at the top dead center; 

Fig. 3 is a perspective view showing the piston 
located between the top dead center and the bot- 
tom dead center; 

Rg. 4 is a perspective view showing the piston 
located at the bottom dead center; 

Fig. 5 is a partial enlarged cross-sectional view 
showing the piston; 

Rg. 6(a) is a graph showing the relationship 
between the rotational angle of the rotary shaft 
(location of the piston) and the level of the side 
force acting on the piston; 

Fig. 6(b) is a schematic drawing showing the opti- 
mal position for providing a second groove; 

Rg. 7 is an enlarged cross-sectional view showing 
the inclination of the piston located at the top dead 
center position in an exaggerated manner; 

Fig. 8 is a perspective view showing a piston 
according to a first modification; 



Fig. 13 is a cross-sectional view showing a second 
embodiment of a compressor according to the 
present invention; 



Fig. 9 is a perspective view showing a piston 
40 according to a second modification; 

Fig. 10 is a perspective view showing a piston 
according to a third modification; 

45 Rg. 11(a) is a perspective view showing a piston 
according to a fourth modification; 

Rg. 11(b) is a perspective view showing a piston 
according to a fifth modification; 

so 

Fig. 1 1 (c) is a perspective view showing a piston 
according to a sixth modification; 

Fig. 12 is a perspective view showing a piston 
55 according to a seventh modification; 
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Fig. 14 is a cross-sectional view taken along line 

14- 14 in Fig. 13; 

Rg. 15 is a cross-sectional view taken along line 

15- 15 in Fig. 13; 5 

Fig. 16 is a cross-sectional view taken along line 

16- 16 in Fig. 14; 

Fig. 17 is a cross-sectional view taken along line io 

17- 17 in Fig. 13; 

Rg. 1 8 is a perspective view showing a piston; 

Rg. 19 is a perspective view showing a piston is 
according to a first modification; 

Rg. 20 is a perspective view showing a piston 
according to a second modification; 



20 

Rg. 21 is a perspective view showing a piston 
according to a third modification; 

Rg. 22 is a partial enlarged cross-sectional view 
showing a prior art compressor; and 25 

Rg. 23 is a partial enlarged cross-sectional view 
showing another prior art compressor. 



BEST MODE FOR CARRYING OUT THE INVENTION 



30 



A first embodiment of a piston type variable dis- 
placement compressor according to the present inven- 
tion will hereafter be described with reference to Figs. 1 
through 7. 35 

As shown in Fig. 1 , a front housing 1 is secured to 
the front end of a cylinder block 2. A rear housing 3 is 
secured to the rear end of the cylinder block 2 with a 
valve plate 4 arranged in between. The front housing 1 , 
the cylinder block 2, and the rear housing 3 constitute 40 
the housing of the compressor. A suction chamber 3a 
and a discharge chamber 3b are defined between the 
rear housing 3 and the valve plate 4. Refrigerant gas 
sent from an external refrigerant circuit (not shown) is 
directly drawn into the suction chamber 3a through an 45 
intake port 3c. 

The valve plate 4 is provided with suction ports 4a. 
suction valves 4b, discharge ports 4c. and discharge 
valves 4d. A crank chamber 5 is defined between the 
front housing 1 and the cylinder block 2. A rotary shaft 6 so 
is rotatably supported by a pair of bearings 7 in the front 
housing 1 and the cylinder block 2 and extencfe through 
the crank chamber 5. A support hole 2b is defined in the 
center of the cylinder block 2. The rear end of the rotary 
shaft 6 is inserted into the support hole 2b and sup- ss 
ported by the inner circumferential surface of the hole 
2b by means of the bearing 7. 

A lug plate 8 is fixed to the rotary shaft 6. A swash 
plate 9. which serves as a driving body, is supported in 



the crank chamber 5 by the rotary shaft 6 so that it is sli- 
dable and inclinable with respect to the axis L of the 
shaft 6. The swash plate 9 is connected to the lug plate 

8 by a hinge mechanism 10. The hinge mechanism 10 
is constituted by a support arm 19, which Is defined on 
the lug plate 8. and a pair of guide pins 20. which are 
defined on the swash plate 9. The guide pins 20 are sli- 
dably fit into a pair of guide holes 1 9a. which are defined 
in the support arm 19. The hinge mechanism 10 inte- 
grally rotates the swash plate 9 with the rotary shaft 6. 
The hinge mechanism 10 also guides the movement 
and Inclining of the swash plate 9 in the direction of the 
axis L. 

A plurality of cylinder bores 2a are formed in the cyl- 
inder block 2 about the rotary shaft 6. The iDores 2a 
extend along the direction of the axis L. A hollow single- 
headed piston 1 1 is retained in each cylinder bore 2a. A 
groove 1 la is defined in the rear portion of the piston 

11. A pair of shoes 12 are fit into the opposed Inner 
walls of the groove 1 1 a in a manner such that their sem- 
ispheric portions are relatively slidable. The swash plate 

9 is slidably held between the flat portions of the shoes 

12. The rotating movement of the swash plate 9 is con- 
verted to linear reciprocating movement of the pistons 
1 1 and causes each piston 1 1 to reciprocate forward 
and t^ackward inside the cylinder bore 2a. During the 
suction stroke of the piston 1 1 , in which It moves from 
the top dead center to the bottom dead center, the 
refrigerant gas flows through the suction port 4a, 
pushes and opens the suction valve 4b, and enters the 
cylinder bore 2a. During the compression stroke of the 
piston 11, in which it moves from the bottom dead 
center to the top dead center, the refrigerant gas in the 
cylinder bore 2a is compressed and discharged into the 
discharge chamber 3b as it flows through the discharge 
port 4c and pushes open the discharge valve 4d. 

A thrust bearing 21 is arranged between the lug 
plate 8 and the front housing 1 . A compression reaction 
force acts on the piston 1 1 as the refrigerant gas Is com- 
pressed. The compression reaction force is received by 
the front housing 1 by way of the piston 1 1, the swash 
plate 9, the lug plate 8. and the thrust bearing 21 . 

As shown in Figs. 1 to 4. a rotation restricting mem- 
ber 22 is provided integrally in the rear portion of the pis- 
ton 11. The rotation restricting member 22 has a 
drcunrferential surface, the diameter of which Is equal 
to that of the inner circumferential surface of the front 
housing 1 . The circumferential surface of the rotation 
restricting member 22 contacts the inner drcumferential 
surface of the front housing 1 to prohibit rotation of the 
piston 1 1 about its center axis S. 

As shown in Fig. 1. a supply passage 13 connects 
the discharge chamber 3b with the crank chamber 5. An 
electromagnetic valve 14 is provided In the rear housing 
3 arranged in the supply passage 13. Activation of a 
solenoid 14a in the electromagnetic valve 14 causes a 
valve body 14b to close a valve hole 14c. Deactivation 
of the solenoid 14a causes the valve body 14b to open 
the valve hole 14c. 
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A pressure releasing passage 6a is defined in the 
shaft 6. The releasing passage 6a has an inlet opened 
to the aank chamber 5 and an outlet opened to the 
inside of the support hole 2b. A pressure releasing hole 
2c connects the inside of the support hole 2b with the 5 
suction chamber 3a. 

When the solenoid 1 4a is activated and the supply 
passage 13 is closed, the high-pressure refrigerant gas 
in the discharge chamber 3b is not sent to the crank 
chamber 5. In this state, the refrigerant gas in the crank 10 
chamber 5 keeps flowing out into the suction chamber 
3a through the pressure releasing passage 6a and the 
pressure releasing hole 2c. This causes the pressure 
level in the crank chamber 5 to approach the low pres- 
sure in the suction chamber 2a. Hence, the pressure dif- is 
ference between the inside of the crank chamber 5 and 
the inside of the cylinder bores 2a becomes small and 
causes the inclination of the swash plate 9 to become 
maximum, as shown in Fig. 1 . This results in the dis- 
placement of the compressor to become maximum. 20 

When the solenoid 1 4a is deactivated and the sup- 
ply passage 13 is thus opened, the high-pressure refrig- 
erant gas in the discharge chamber 3b is sent to the 
crank chamber 5 and increases the pressure in the 
crank chamber 5. As a result, the pressure difference 25 
between the inside of the crank chamber 5 and the 
inside of the cylinder bores 2a becomes large and 
causes the inclination of the swash plate 9 to become 
minimum. This results in the displacement of 

the compressor to become minimum. Abutment of 30 
a stopper 9a, which is provided on the front surface of 
the swash plate 9. against the lug plate 8 restricts the 
swash plate 9 from inclining beyond the predetermined 
maximum inclination. Abutment of the swash plate 9 
and a ring 15, which Is provided on the rotary shaft 6. 35 
restricts the swash plate 9 at the minimum inclination. 

As described above, the pressure inside the crank 
chamber 5 is adjusted by opening and closing the sup- 
ply passage 13 in correspondence with the activation 
and deactivation of the solenoid 14a of the electromag- 40 
netic valve 14. Alteration of the pressure inside the 
crank chamber 5 also alters the difference between the 
pressure in the crank chamber 5 that acts on the fronts 
side of the pistons 1 1 (left side as viewed in Fig. 1) and 
the pressure in the cylinder bores 2a that acts on the 45 
rear side of the pistons 1 1 (right side as viewed in Fig. 
1). This alters the inclination of the swash plate 9. The 
alteration in the inclination of the swash plate changes 
the moving stroke of the pistons 1 1 and adjusts the dis- 
placement of the compressor. The solenoid 14a of the so 
electromagnetic valve 14 is controlled by a controller 
(not shown) and selectively excited and de-excited in 
accordance with data such as that of the cooling load. In 
other words, the displacement of the compressor Is 
adjusted in accordance with the cooling load. 55 

As shown in Figs. 1 through 5, a first annular groove 
16. which serves as a recovering means, is defined in 
the front outer circumferential surface of each piston 1 1 
extending in the circumferential direction. As shown in 



Fig. 4. the first groove 16 is defined at a position where 
the groove 16 is not exposed to the Inside of the crank 
chamber 5 when the piston 1 1 is located at the bottom 
dead center. Figs. 1 through 4 illustrate the swash plate 
9 in a maximum inclination state. 

A second groove 17. which serves as a communi- 
cating means, is also defined in the outer circumferen- 
tial surface of the piston 1 1 extending along its center 
axis S. The basal end of the second groove 17 is 
located In the vicinity of the first groove 16. The second 
groove 17 is located on the circumferential surface of 
the piston 1 1 at a position described below. As shown in 
Fig. 6(b). when viewing the piston 1 1 so that the rotating 
direction R of the rotary shaft 6 is clockwise (in this 
drawing, the piston 11 is viewed from its rear side), an 
imaginary straight line M extends intersecting the axis L 
of the rotary shaft 5 and the axis S of the piston 1 1 . 
Among the two intersecting points PI , P2 at which the 
straight line M and the circumferential surface of the pis- 
ton 1 1 intersect, the position of the intersecting point P1 . 
located at the farther side of the circumferential surface 
with respect to the axis L of the piston 11. Is herein 
referred to as the twelve o'clock position. In this case, 
the second groove 17 is located within a range E. which 
Is defined between positions corresponding to nine 
o'clock and ten thirty on the circumferential surface of 
the piston 1 1 . 

As shown in Fig. 2. the position and length of the 
second groove 1 7 is determined so that It is not exposed 
from the cylinder bore 2a to the inside of the crank 
chamber 5 when the piston 1 1 moves near the top dead 
center. The second groove 1 7 is not connected with the 
first groove 1 6. As shown in Fig. 5. an inner bottom sur- 
face 18 defined at the distal side of the is sloped in a 
manner such that It is smoothly arxJ continuously con- 
nected to the circumferential surface of the piston 1 1 . 

The surface of the piston 1 1 is ground using a cen- 
terless grinding method. The centerless grinding 
method, which is not shown, grinds the workpiece. or 
piston 1 1 . which is held on a rest, by rotating It together 
with a grinding wheel without using a chuck to hold the 
piston 11. Therefore, if a plurality of second grooves 17 
are provided in the circumferential surface of the piston 
1 1 . the rotating axis of the piston 1 1 placed on the rest 
becomes unstable. This hinders precision grinding. 
Accordingly, it is desirable that the number of second 
grooves 17 be minimized so as to enable accurate 
grinding when employing the centerless grinding 
method. In this embodiment, the piston 1 1 is provided 
with only a single second groove 17, the width and 
depth of which are minimized but are sufficient to supply 
lubricating oil to the crank chamber 5. 

In the abovB compressor, when each piston 1 1 is 
moved from the top dead center to the bottom dead 
center during the suction stroke, the refrigerant gas in 
the suction chamber 3a is drawn into the cylinder bore 
2a. During this stroke, a portion of the lubricating oil 
suspended in the refrigerant gas adheres to the inner 
circumferential surface of the cylinder bore 2a. Contra- 
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rily. when each piston 1 1 is moved from the bottom dead 
center to the top dead center during the compression 
stroke, the refrigerant gas In the in the cylinder bore 2a 
is compressed and then discharged into the discharge 
chamber 3b- During this stroke, a portion of the refriger- 
ant gas in the bore 2a leaks into the crank chamber 5 
through a narrow clearance K defined between the 
outer circumferential surface of the piston 1 1 and the 
inner circumferential surface of the bore 2a as blowby 
gas. Some of the lubricating oil contained in the blowby 
gas adheres to the inner circunrtferential surface of the 
bore 2a. 

The lubricating oil adhered to the inner circumferen- 
tial surface of the cylinder bore 2a is removed by the 
edge 16a of the first groove 16 of the piston 1 1 as the 
piston 1 1 reciprocates and is collected in the first groove 
16. 

During the compression stroke of the piston 1 1 , the 
refrigerant gas leaking from the cylinder bore 2a (blow- 
by gas) increases the pressure in the first groove 16, 
The second groove 1 7 Is entirely dosed by the inner cir- 
cumferential surface of the cylinder bore 2a only when 
the piston 1 1 is located near the top dead center. Other- 
wise, at least a portion of the second groove 17 is 
exposed to the inside of the crank chamber 5. There- 
fore, the pressure in the second groove 1 7 is equal to or 
slightly higher than the pressure in the crank chamber 5. 
The first groove 16 is connected to the second groove 
17 by way of the narrow clearance K. Accordingly, dur- 
ing the compression stroke of the piston 1 1 , the lubricat- 
ing oil in the first groove 16 flows Into the second groove 
1 7 by way of the clearance K by the difference between 
the pressure in the first groove 16 and the pressure in 
the second groove 1 7. The lubricating oil that enters the 
second groove 17 flows into the crank chamber 5 by 
way of the portion of the second groove 17 that is 
exposed to the Inside of the crank chamber 5. The lubri- 
cating oil is supplied to the coupling portion between the 
swash plate 9 and the piston 1 1 . that is. between the 
swash plate 9 and the shoes 1 2 and between the shoes 
12 and the piston 1 1 . This satisfactorily lubricates these 
portions. 

When the Inclination of the swash plate 9 becomes 
small, the second groove 17 may not be exposed from 
the inside of the cylinder bore 2a even when the piston 
1 1 is located at the bottom dead center. However, in this 
embodiment, the distance between the distal end of the 
second groove 17 and the rear edge of the piston 11 is 
short. Thus, the lubricating oil in the second groove 17 
is easily discharged toward the crank chamber 5 by way 
of the clearance K. This satisfactorily lubricates the cou- 
pling portion between the swash plate 9 and the piston 
1 1 among other parts. 

In this manner, the lubricating oil collected by the 
first groove 16. which serves as a recovering means, is 
supplied to the crank chamber 5 by the second groove 
17, which serves as a communicating means. 

During the reciprocating movement of the piston 
1 1, the reaction force from the inner circumferential sur- 



face of the cylinder bore 2a (hereafter referred to as the 
side force) produced by the compression reaction force 
and the inertial force of the piston 1 1 is received by the 
piston 1 1 . Hence, it is preferable that the second groove 
5 1 7 be provided at a position at which the influence of the 
side force is minimal (the position corresponding to 
range E as shown in Fig. 6(b)). 

More particulariy, as shown in Fig. 2 ard Fig. 7. 
when the piston 1 1 Is located near the top dead center. 
w the compression reaction force that acts on the piston 
1 1 becomes maximum. The compression reaction force 
and the inertial force of the piston 11 act on the swash 
plate 9. Accordingly, the piston 1 1 receives a large reac- 
tion force Fs in accordance with the resultant force Fo of 
15 the compression reaction force and the inertial force 
from the swash plate 9, which is inclined with respect to 
a plane that is perpendicular to the center axis L of the 
rotary shaft 6. In accordance with the inclination of the 
swash plate 9. the reaction force Fs is divided into a 
20 component force f which Is oriented along the moving 
direction of the piston 11. and a component force f2, 
which is oriented toward the center axis L of the rotary 
shaft 6. The component force f2 acts as a force that 
Inclines the rear side of the piston 11 in the direction of 
25 the component force f2. Thus, the circumferential sur- 
face of the rear side of the piston 1 1 is pressed against 
the inner circumferential surface of the cylinder bore 2a 
at the vicinity of its opening by a force corresponding to 
the component force f2. In other words, the circumferen- 
30 tial surface at the rear side of the piston 1 1 receives a 
large reaction force (side force) Fa corresponding to the 
component force f2 from the inner circumferential sur- 
face of the cylinder bore 2a at the vicinity of its opening. 
The position at which the side force Fa acts on the 
35 piston 11 varies as the piston 1 1 moves. For example, 
as the swash plate 9 rotates 90 degrees in the direction 
of an-ow R from the state shown in Fig. 2 to the state 
shown in Fig. 3, the compressed refrigerant gas resid- 
ing in the cylinder bore 2a re-expands as the piston 11 
40 moves from the top dead center to the bottom dead 
center. When the swash plate 9 approaches the state 
shown in Fig. 3, the reexpansion of the compressed 
refrigerant gas in the cylinder bore 2a is completed and 
the suction of refrigerant gas into the cylinder bore 2a is 
45 commenced. In this state, the compression reaction 
force does not act on the swash plate 9 and the force Fo 
that acts on the piston 1 1 is mainly constituted by iner- 
tial force. Accordingly, the piston 1 1 receives the reac- 
tion force Fs, which is mainly constituted by Inertial 
50 force. In accordance with the inclination of the swash 
plate 9. the reaction force Fs Is divided into a compo- 
nent force f-j. which is oriented along the moving direc- 
tion of the piston 1 1 . and a component force fa, which is 
oriented toward the rotating direction R of the swash 
55 plate 9. The component force f2 acts as a force that 
inclines the rear side of the piston 1 1 in the direction of 
the component force f2. Thus, the piston 1 1 receives a 
side force Fa corresponding to the component force fg 
from the Inner circumferential surface of the cylinder 
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bore 2a at the vicinity of its opening. As described later, 
when the swash plate 9 is in the state shown in Fig. 3, 
the force Fo acting on the swash plate 9 is substantially 
zero. Thus, practically no side force Fa acts on the pis- 
ton 11. 

When the swash plate 9 is further rotated 90 
degrees in the direction of arrow R from the state shown 
in Fig. 3 to the state shown in Fig. 4, the piston 11 is 
located at the bottom dead center. In this state, the ori- 
entation of the component force f2 that acts on the pis- 
ton 11 becomes opposite to that of Fig. 2 (the state in 
which the piston 1 1 is located at the top dead center). 
Accordingly, the piston 1 1 receives a side force Fa ori- 
ented in the opposite direction to that of Fig, 2 from the 
inner circumferential surface of the cylinder bore 2a at 
the vicinity of its opening. The level of the side force Fa 
is greater than that of Fig. 2. 

As shown in Fig. 2 and Fig. 7, the front portion of 
the piston 1 1 receives a side force Fb that corresponds 
to the component force ^2 ^om the inner circumferential 
surface of the cylinder bore 2a at its inner side. How- 
ever, the first groove 16 1s provided at the front side of 
the piston 1 1 . The second groove 1 7 is provided at a 
position that is at least closer to the rear side of the pis- 
ton 11 than the first groove 16. Accordingly, along the 
entire circumferential surface of the piston 11. the side 
force Fb does not act directly on the range between the 
basal end and distal end of the second groove 17. 
Therefore, the side force Fb that acts on the front side of 
the piston 1 1 need not be considered when determining 
the optimum position of the second groove with respect 
to the circumferential direction of the piston 1 1 . 

Fig. 6(a) illustrates a graph indicating the relation- 
ship between the rotational angle of the rotary shaft 6 
(i.e., the location of the piston 11) and the level of the 
side force Fa acting on the piston 1 1 . In this graph, the 
rotational angle of the rotary shaft 6 when the piston 1 1 
is located at the top dead center corresponds to zero 
degrees. The schematic drawings provided under the 
longitudinal axis of the graph Illustrates the orientation 
of the side force Fa acting on the piston 1 1 in corre- 
spondence with the rotational angle of the rotary shaft 6 
indicated along the longitudinal axis. The schematic 
drawings show that the orientation of the portion of the 
piston 1 1 on which the side force Fa acts changes in the 
rotating direction R of the rotary shaft 6 as the rotary 
shaft 6 and the swash plate 9 rotate. In other words, the 
side force Fa acts sequentially along the entire circum- 
ference of the piston 1 1 as the piston 1 1 reciprocates 
once between the top dead center and the bottom dead 
center to perform the suction and compression strokes. 

As shown in Fig. 6(a). as the rotary shaft 6 rotates 
90 degrees from the state at which the piston Is located 
at the top dead center, that is. as the swash plate 9 
rotates from the state shown in Fig. 2 to the state shown 
in Fig. 3. the value of the side force Fa may become 
negative. This indicates that the orientation of each 
force shown In Fig. 3 reverses before the swash plate 9 
reaches the state shown in Fig. 3. 



The graph of Fig. 6(a) indicates that the side force 
acting on the piston 1 1 becomes maximal when the 
rotational angle of the rotary shaft 6 is zero degrees 
(=360 degrees), that is. when the piston 11 is located at 

5 the top dead center. As shown in Fig. 6(b), the location 
on the circumferential surface of the piston 11 that 
receives the maximum side force Fa corresponds to the 
six o'clock position. When a large side force Fa acts on 
the position corresponding to six o'clock, a range El, 

10 which extends between the positions corresponding to 
three o'clock and nine o'clock about the six o'clock posi* 
tion on the circumferential surface of the piston 1 1 . is 
strongly pressed against the inner circumferential sur- 
face of the cylinder bore 2a. Therefore, when the sec- 

15 ond groove 17 Is provided within the range El , the edge 
of the second groove 1 7 strongly presses the inner cir- 
cumferential surface of the cylinder bore 2a and may 
thus cause abrasive wear or damage to the piston 1 1 
and the cylinder bore 2a- Accordingly, it is preferable 

20 that the second groove 1 7 be provided on the circumfer- 
ential surface of the piston 1 1 within a range excluding 
the range El that extends between three o'clock and 
nine o'clock, that is, range E2. which extends between 
nine o'clock and three o'clock. 

25 To further avoid the influence of the skJe force Fa, it 
is preferable that the second groove 1 7 be provided in a 
range that receives minimal side force Fa within the 
range E2, which extends between nine o'clock and 
three o'clock on the circumferential surface of the piston 

30 11, The graph of Fig. 6(a) indicates that the side force 
Fa acting on the piston 1 1 is relatively smaller during the 
suction stroke of the piston 11 (when the rotational 
angle of the rotary shaft 6 is within 0 degrees to 180 
degrees) than during the compression stroke of the pis- 

35 ton 1 1 (when the rotational angle of the rotary shaft 6 is 
within 1 80 degrees to 360 degrees). 

After the re-expansion of the residual refrigerant 
gas in the cylinder bore 2a is completed during the suc- 
tion stroke, the swash plate 9 is free from compression 

40 reaction force and the force acting on the piston 1 1 is 
mostly constituted by inertial force. In particular, as 
shown in Fig. 6(a). when the rotational angle of the 
rotary shaft 6 corresponds to 90 degrees (when the 
swash plate 9 is in the state shown in Fig. 3). there is 

45 almost no side force Fa acting on the circumferential 
surface of the piston 11 at the posftion corresponding to 
nine o'clock. Accordingly, the side force Fa acting on the 
piston 1 1 becomes relatively smaller during the suction 
stroke than during the compression stroke, in which 

so compression reaction force is produced. In other words, 
within the range E2 extending between nine o'clock to 
three o'clock on the circumferential surface of the piston 
1 1 , the side force Fa acting In the range between nine 
o'clock to twelve o'clock is relatively smaller than the 

55 side force Fa acting in the range between twelve o'clock 
and three o'clock. 

In addition, as shown in Fig. 6(a), when the piston 
1 1 Is arranged at the bottom dead center, a relatively 
large side force Fa acts on the circumferential surface of 
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the piston 11 at a position corre^onding to twelve 
o'clock. When the piston 11 approaches the bottom 
dead center, the length of the piston 1 1 supported by 
the cylinder bore 2a becomes short. Thus, there is a 
tendency for the piston 1 1 to become unstable. There- 5 
tore, it is preferable that the second groove 17 not be 
provided in the vicinity of the twelve o'clock position on 
the circumferential surface of the piston 1 1 . 

Accordingly, in this embodiment, the second groove 
17 is provided in the range E extending between the 10 
nine o'clock position and the ten thirty position on the 
circumferential surface of the piston 1 1 . as shown in Fia 
6(b). 

The following advantages are obtained from the 
first embodiment having the above structure. 15 

(1) The lubricating oil collected in the first groove 16 
is positively supplied to the crank chamber 5 by way 
of the second groove 17, which extends on the pis- 
ton 11 so as to extend along the center axis S. 20 
Therefore, various parts in the crank chamber 5 
such as the coupling portion between the swash 
plate 9 and the piston 1 1 are satisfactorily lubri- 
cated even when the refrigerant gas from the exter- 
nal refrigerant circuit is drawn into the suction 25 
chamber 3a without flowing through the suction 
chamber 3a. 

(2) The annular first groove 16. which is defined in 
the circumferential direction of the piston 1 1 , is not 30 
exposed from the inside of the cylinder bore 2a 
even when the piston 1 1 is located at the bottom 
dead center. Thus, the first groove 16 does not 
interfere with the edge of the cylinder bore 2a. The 
second groove 1 7, which extends in the direction of 35 
the axis S of the piston 11. also does not Interfere 
with the edge of the cylinder bore 2a. Accordingly. 

the piston 11 reciprocates smoothly. Furthermore, 
abrasive wear and damage to the piston 1 1 and the 
cylinder bore 2a are prevented. 40 

(3) The annular first groove 16 collects the adhered 
lubricating oil from the entire inner circumferential 
surface of the cylinder bore 2a. Thus, it is possible 

to maximize the amount of lubricating oil supplied 45 
into the crank chamber 5. 

(4) In the compressor of this embodiment, the rotat- 
ing movement of the swash plate 9 is converted to 
reciprocating movement of the piston 1 1 . In such a so 
compressor, the piston 1 1 Is pressed against the 
inner circumferential surface of the cylinder bore 2a 

by the compression reaction force acting on the 
swash plate 9 and the inertial force of the piston 1 1 . 
Accordingly, it is particularly effective to embody the 55 
structure of the present invention in such a type of 
compressor. 

(5) The first groove 16 and the second groove 17 



are not directly connected to each other on the cir- 
cumferential surface of the piston 11. The grooves 
16. 17 are communicated with each other through 
the narrow clearance K defined between the piston 
1 1 and the cylinder bore 2a. Accordingly, the refrig- 
erant gas in the first groove 16 flows into the second 
groove 17 in a state restricted by the clearance K. 
TTiis slows the flow of refrigerant gas. Thus, when 
the piston 1 1 is located near the top dead center, 
the high-pressure refrigerant gas in the cylinder 
bore 2a is prevented from flowing abruptly through 
the grooves 16, 17 into the cylinder bore 2a. As a 
result, a decrease in the compressing efficiency of 
the compressor is ultimately prevented. 

(6) The inner bottom surface at the distal side of the 
second groove 17 is a sloped surface that is gradu- 
ally connected to the circumferential surface of the 
piston 1 1 Thus, when the piston 1 1 moves from the 
bottom dead center to the top dead center, the dis- 
tal edge of the second groove 17 is prevented from 
interfering with the edge of the cylinder bore 2a. As 
a result, the piston 1 1 moves smoothly while abra- 
sive wear and damage of the piston 1 1 and cylinder 
bore 2a are positively prevented. 

(7) The second groove 17 is defined on the circum- 
ferential surface of the piston 1 1 at a position (the 
position corresponding to range E in Fig. 6(b)) 
which the influence of the side force Fa produced 
by the compression reaction force and the inertial 
force of the piston 11 is minimal. Accordingly, the 
portion of the second groove 1 7 in the piston 1 1 is 
prevented from being pressed strongly by the cylin- 
der bore 2a. This further positively prevents abra- 
sive wear and damage of the piston 11 and the 
cylinder bore 2a. 

(8) Since the piston 1 1 . which is hollow, is light in 
weight, the inertial force of the piston 1 1 is small. 
When the inertial force is small, abrasive wear and 
damage of the piston 1 1 and the cylinder bore 2a is 
further effectively prevented. 

(9) Thermal expansion of the piston 1 1 takes place 
as the operation of the compressor gradually 
increases the temperature of the compressor. The 
rate of thermal expansion In hollow objects is 
slightly smaller than that of solid objects. The piston 
11 in this embodiment is hollow. This suppresses 
the clearance K. which is defined between the cir- 
cumferential surface of the piston 1 1 and the inner 
circumferential surface of the cylinder bore 2a. from 
becoming small due to thermal expansion of the, 
piston 11. Thus, an increase in the sliding resist- 
ance between the piston 1 1 and the cylinder bore 
2a Is prevented. 

(10) The compressor of this embodiment is a varla- 



BNSOOCID: <EP 0789145A1_I_> 



8 



15 



EP 0 789 145 A1 



16 



ble displacement compressor, the discharge vol- 
ume of which may be controlled. In such a 
corrpressor. a clutch that transmits and cuts off 
drive force is not provided between an external 
drive force and the rotary shaft of the compressor. 5 
The external drive force and the compressor are 
directly connected to each other. Thus, the com- 
pressor of this embodiment is operated as long as 
the external drive source is moving. Satisfactory 
lubrication of each part is important In such a com- 
pressor. In other words, it is very effective to employ 
the piston 1 1 of this embodiment, which is provided 
with the first groove 16 and the second groove 17, 
in a variable displacement compressor. 

75 

The above first embodiment may also be modified 
as described below. 

A first modified form will now be described. As 
shown in an exaggerated manner in Fig. 7, when the 
piston 1 1 Is located near the top dead center, the piston 20 
1 1 becomes inclined in the cylinder bore 2a in a coun- 
terclockwise direction, as viewed in the drawing. This 
causes the lower side of the first groove 16, as viewed 
in the drawing, to be opened toward the inner side of the 
cylinder bore 2a. As a result, the high-pressure refriger- 2S 
ant gas compressed in the cylinder bore 2a leaks Into 
the first groove 16 and decreases the compressing effi- 
ciency. 

Thus, in the first modified form, the first groove 16 is 
provided only on the upper half of the circumferential 30 
surface of the piston 1 1 , as shown in Rg. 8. In other 
words, the first groove 16 Is defined In the circumferen- 
tial surface of the piston 1 1 only within range E2, which 
extends between nine o'clock and three o'clocK as 
shown in Fig. 6(b). This structure prevents the first 35 
groove 16 from being opened toward the inner side of 
the cylinder bore 2a even when the piston 1 1 located 
near the top dead center and is inclined as shown in Fig. 
7. As a result, the high-pressure refrigerant gas com- 
pressed in the cylinder bore 2a does not leak into the 40 
first groove 16. TTius, a decrease in the compressing 
efficiency of the compressor Is prevented. 

A second modified form will now be described. In 
the second modified form, the second groove 1 7 is con- 
nected to the first groove 16, as shown in Fig. 9. This 45 
enables the lubricating oil in the first groove 16 to flow 
smoothly Into the second groove 17. 

A third modified form will now be described. In the 
third embodiment, the distal end of the second groove 
17 extends to the rear peripheral edge of the piston 1 1 so 
and the second groove 1 7 is always directly connected 
with the crank chamber 5. This prevents interference 
between the distal end of the second groove 1 7 and the 
edge of the cylinder bore 2a when the piston 1 1 moves 
from the top dead center to the bottom dead center. As ss 
a result, the piston 11 reciprocates further smoothly, 
and abrasive wear and damage of the piston 1 1 and the 
cylinder bore 2a is further securely prevented. In addi- 
tion, the lubricating oil in the second groove 17 enters 



the crank chamber 5 further smoothly. As shown in the 
double-dotted line in Fig. 10. in the third modified form, 
the second groove 1 7 may further be connected to the 
first groove 16 to constantly communicate the first 
groove 1 6 with the crank chamber 5 in the same manner 
as the above second modified. 

A fourth modified form will now be described. As 
shown in Fig. 11(a), in the fourth embodiment, a plural- 
ity (three in the drawing) of elongated hole like grooves 
16a, 16b. 16c are arranged along the circumferential 
direction of the piston 1 1 . The second groove 17 is con- 
stituted by a plurality of grooves 17a, 17b, 17c, each 
corresponding to the grooves 17a. 17b. 17c. respec- 
tively. As shown in the double-dotted line of Fig. 11(a). 
at least one of the three grooves 1 7a, 1 7b. 1 7c constitut- 
ing the second groove 1 7 may be extended to the rear 
peripheral edge of the piston 1 1 so that it is constantly 
connected to the crank chamber 5. 

As shown in Fig. 11(b). in a fifth modified form, the 
grooves 17a. 17b, 17c of the fourth modified form are 
each connected to the corresponding grooves 16a, 16b. 
16c. As shown in the double-dotted line of Fig. 1 1(b), at 
least one of the three grooves 1 7a, 1 7b, 1 7c constituting 
the second groove 17 may be extended to the rear 
peripheral edge of the piston 1 1 so that it is constantly 
connected to the crank chamber 5. 

As shown in Fig. 1 1 (c). in a sixth modified form, the 
side grooves 17a. 17c are connected midway of the 
center groove 17b in the second groove 17 of the fourth 
modified form. As shown in the double-dotted line of 
Fig. 11(c). the center groove 17b may be extended to 
the rear peripheral edge of the piston 1 1 so that it is con- 
stantly connected to the crank chamber 5. 

As shown in Fig. 12. in a seventh modified form, a 
plurality of second grooves 17 extend spirally along the 
circumferential surface of the piston 1 1 . Although the 
second grooves 17 are shown connected to the first 
groove 16 in the drawing, the grooves 17 need not be 
connected to the first groove 16. The spiral second 
grooves 17 collect the lubricating oil adhered to the 
inner circumferential surface of the cylinder bore 2a 
together with the first groove 16. This altows a greater 
amount of lubricating oil to be collected in the grooves 
and enables a greater amount of lubricating oil to be 
supplied into the crank chamber 5. The plurality of sec- 
ond grooves 1 7 are arranged along the circumferential 
direction of the piston 1 1 with an equal Interval between 
one another. This stabilizes the rotating center of the 
piston 1 1 when grinding the piston 1 1 with the center- 
less grinding method. Thus, the piston 11 may be 
ground with high accuracy. 

As shown in the double-dotted line of Rg. 5. in the 
eighth modified form, the second groove 17 is defined in 
the inner circumferential surface of the cylinder bore 2a. 
The second groove 17 is extended to the edge of the 
cylinder bore 2a so that it is constantly connected to the 
crank chamber 5. In this case, the circumferential sur- 
face of the piston 1 1 may either be provided or not pro- 
vided with the second groove 1 7. 



BNSDOCID: <EP 07B9145A1 J.> 



17 



EP 0 789 145 A1 



18 



As shown in the double-dotted line of Fig. 6(b). in 
the ninth modified form, the second groove 1 7 is pro- 
vided within a range E3. which extends between seven 
thirty to nine o'clock on the circumferential surface of the 
piston 1 1 . As described above, when a large side force 5 
Fa acts on the circumferential surface of the piston 1 1 at 
a position con-esponding to six o'clock, the range El. 
which extends between three o'clock and nine o'clock 
at)out the six o'clock position, is strongly pressed 
against the inner circumferential surface of the cylinder 70 
bore 2a. However, the most strongly pressed position is 
the six o'clock position. The pressing force becomes 
weaker at positions located farther from the six o'clock 
position. Accordingly, the range E3. which extends sep- 
arated from the six o'clock position and between seven 75 
thirty and nine o'clock, is not as strongly pressed 
against the inner circumferential surface of the cylinder 
bore 2a. In addition, as shown in Fig, 6(a). the value of 
the side force Fa becomes negative just before the rota- 
tional angle of the rotary shaft 6 reaches 90 degrees. 20 
This indicates that the side force Fa does not directly act 
on the circumferential surface of the piston 1 1 within the 
range E3 extending between seven thirty and nine 
o'clock. 

Accordingly, there are no problems when the sec- 25 
ond groove 17 is provided within the range E3. which 
extends between seven thirty and nine o'clock on the 
circumferential surface of the piston 1 1 . 

A second embodiment according to the present 
invention will now be described with reference to Fig. 1 3 30 
to Fig. 18. In the second embodiment, parts that are 
identical to those in the first embodiment will be denoted 
with the same numeral and will not be described. Gen- " 
erally. parts that differ from the first embodiment will be 
described hereafter. 35 

As shown in Fig. 13. the compressor of the second 
embodiment has a structure that is basically similar to 
that of the first emtxxJiment. In other words, the rotating 
movement of the swash plate 9 produced by the rotation 
of the rotary shaft 6 is converted to reciprocating move- 40 
ment of the piston 1 1 In the cylinder bore 2a by means 
of the shoes 12. 

A pulley 26 is fixed to the front end of the rotary 
shaft 6. The pulley 26 is rotatably supported by the front 
end of the front housing 1 by means of an angular bear- 45 
ing 27. The pulley 26 is operatively connected to a vehi- 
cle engine (not shown), which is an external drive force, 
by a belt 28. The angular bearing 27 receives load act- 
ing in the thrust direction and the radial direction. 

An accommodating hole 29 is defined in the center so 
of the cylinder block 1 and extends along the axis L of 
the rotary shaft 6. A tubular spool 30 having a closed 
rear is slidably accommodated in the accommodating 
hole 29. A coil spring 31 is arranged between the spool 
30 and the inner circumferential suriace of the accom- ss 
modating hole 29. The coil spring 31 urges the spool 30 
toward the swash plate 9. 

The rear end of the rotary shaft 6 is inserted in the 
spool 30. A radial bearing 32 is arranged between the 



rear end of the rotary shaft 6 and the inner circumferen- 
tial surface of the spool 30. The rear end of the rotary 
shaft 6 is supported by the inner circumferential surface 
of the accommodating hole 29 by way of the bearing 32 
and the spool 30. The bearing 32 may be moved 
together with the spool 30 along the axis L of the rotary 
shaft 6. A thrust bearing 33 is an^anged on the rotary 
shaft 6 between the spool 30 and the swash plate 9. The 
thrust bearing 33 is movable along the axis L of the 
rotary shaft 6. 

A suction passage 34 is defined in the center of the 
rear housing 3. The suction passage 34 is communi- 
cated with the accommodating hole 29. A positioning 
surface 35 is defined on the valve plate 4 between the 
accommodating hole 29 and the suction chamber 34. 
The rear end face of the spool 30 may be abutted 
against the positioning surface 35. The abutment of the 
rear end face of the spool 30 against the positioning sur- 
face 35 restricts the spool 30 from moving away from 
the swash plate 9 and also cuts off the communication 
between the suction passage 34 and the accommodat- 
ing passage 29. 

When the swash plate 9 moves toward the spool 30 
as its inclination decreases, the swash plate 9 presses 
the spool 30 by way of the thrust bearing 33. Thus, the 
spool 30 is moved toward the positioning surface 35 
against the urging force of the coil spring 31 . This abuts 
the spool 30 against the positioning surface 35. The 
abutment restricts the swash plate 9 so that its inclina- 
tion is minimal. The minimum inclination of the swash 
plate 9 is slightly greater than zero degrees. The inclina- 
tion of the swash plate 9 corresponds to zero degrees 
when arranged on a plane perpendicular to the rotary 
shaft 9. 

The suction chamber 3a is communicated with the 
accommodating hole 29 through a communicating port 
36. When the spool 30 abuts against the positioning 
surface 35. the communicating port 36 is disconnected 
from the suction passage 34. A pressure releasing pas- 
sage 6a defined in the rotary shaft 6a has an inlet, 
which Is connected with the crank chamber 5, and an 
outlet, which is connected to the inside of the spool 30. 
A pressure releasing port 37 is defined in the circumfer- 
ential surface of the spool 30 at its rear end. The pres- 
sure releasing hole 37 connects the interior of the spool 
30 to the accommodating hole 29. 

An external refrigerating circuit 37 connects the 
suction passage 34, through which refrigerant gas is 
drawn toward the suction chamber 3a. and a discharge 
port 38, through which the refrigerant gas from the dis- 
charge chamber 3b is discharged. The external refriger- 
ant drcuit 37 is provided with a condenser 39. an 
expansion valve 40, and an evaporator 41 . A tempera- 
ture sensor 42 is arranged in the vidnity of the evapora- 
tor 41, The temperature sensor 42 detects the 
temperature of the evaporator 41 and sends a signal 
corresponding with the detected temperature to a con- 
troller C. 

The controller C controls the solenoid 14a of the 



10 

BNSDOCID: <EP 0789145A1.I_> 



19 



EP 0 789 145 A1 



20 



electromagnetic valve 14 in accordance with the signal 
from the temperature sensor 42. The controller C de- 
excites the solenoid 14a to prevent the forming of frost 
in the evaporator 41 if the temperature detected by the 
temperature sensor 42 becomes equal to or lower than 5 
a predetermined value when an activating switch 43 for 
activating an air-conditioning apparatus is turned on. 
The controller C also de-excites the solenoid 14a when 
the activating switch 43 Is turned off. 

The high-pressure refrigerant gas in the discharge 10 
chamber 3b is supplied to the aank chamber 5 when 
the de-exciting of the solenoid 14a opens the supply 
passage 13. This Increases the pressure In the crank 
chamber 5. Thus, in the same manner as the first 
embodiment, the swash plate 9 is moved to the mini- rs 
mum inclination. When the spool 30 abuts against the 
positioning surface 35, the inclination of the swash plate 
9 becomes minimum and the suction passage 34 
becomes disconnected from the suction chamber 3a. 
Accordingly, the refrigerant gas stops flowing into the 20 
suction chamber 3a from the external refrigerant circuit 
37. This stops the circulation of the refrigerant gas 
between the external refrigerant circuit 37 and the com- 
pressor. 

Since the minimum inclination of the swash plate 9 25 
is not zero degrees, the refrigerant gas is drawn into the 
cylinder bore 2a from the suction chamber 3 and dis- 
charged Into the discharge chamber 3b from the cylin- 
der bore 2a even when the inclination of the swash plate 
9 becomes minimum. Therefore, when the inclination of 30 
the swash plate 9 is minimum, the refrigerant gas circu- 
lates through a circulation passage in the compressor 
flowing through the discharge chamber 3a. the supply 
passage 13, the crank chamber 5, the pressure releas- 
ing passage 6a. the pressure releasing port 30a, the 35 
suction chamber 3a, and the cylinder bore 2a. Accord- 
ingly, the lubricating oil that flows together with the 
refrigerant gas lubricates each part in the compressor. 
A pressure difference Is produced between the dis- 
charge chamber 3. the crank chamber 5, and the sue- 40 
tion chamber 3a. The pressure difference and the 
cross-sectional area of the pressure releasing port 30a 
greatly affect the stabilization of the swash plate 9 at the 
minimum inclination. 

When the exciting of the solenoid 14a closes the 45 
supply passage 13, the refrigerant gas in the crank 
chamber 5 flows through the pressure releasing pas- 
sage 6a and the pressure releasing port 30a into the 
suction chamber 3a. This causes the pressure in the 
crank chamber 5 to approach the low pressure in the so 
suction chamber 3a. Thus, in the same manner as the 
first embodiment, the swash plate 9 moves to the maxi- 
mum inclination. 

Fig, 14 is a cross-sectional view taken along line 
14-14 in Fig. 13. Fig. 14 mainly shows a hinge mecha- ss 
nism 10, which couples the swash plate 9 and the lug 
plate 8 to each other, and the rotation restricting mem- 
ber 22. which is provided on the piston 1 1 to prohibit 
rotation of the piston 11. Fig. 15 is a cross-sectional 



view taken along line 15-15 in Fig. 13. Fig. 15 mainly 
shows the suction chamber 3a, which is defined in the 
rear housing 3. and the relationship between the dis- 
charge chamber 3b and the cylinder bore 2a. 

As shown in Fig. 13 and Figs. 16 to 18, a plurality of 
grooves 44 are defined along the center axis S of the 
piston 1 1 in the outer circumferential surface of the pis- 
ton 11. In other words, the first groove 16 employed in 
the first err^xxliment is not employed in the second 
embodiment. Only the grooves 44. which correspond to 
the second groove 17. are provided. The grooves 44 are 
provided in the circumferential surface of the piston 1 1 
at positions described below. As shown in Fig. 17, in the 
same manner as the first embodiment, when viewing 
the piston 1 1 so that the rotating direction R of the rotary 
shaft 6 is clockwise (in this drawing, the piston 1 1 is 
viewed from its front side), the imaginary straight line M 
extends intersecting the axis L of the rotary shaft 6 and 
the axis S of the piston 1 1 . Among the two intersecting 
points P1. P2 at which the straight line M and the cir- 
cumferential surface of the piston 1 1 intersect, the posi- 
tion of the intersecting point P1, located at the farther 
side of the circumferential surface with respect to the 
axis L of the piston 11, is hereby referred to as the 
twelve o'clock position. 

In Fig. 13, the piston 1 1 shown at the lower side is 
arranged at the bottom dead center. When the piston 1 1 
is arranged near the bottom dead center, portions of the 
grooves 44 are exposed from the cylinder bore 2a 
toward the inside of the crank chamber 5. 

As shown in Fig. 17, a pair of recesses 45 are 
defined in the circumferential surface of the piston 1 1 at 
a range El. which extends between three o'clock and 
nine o'clock. By providing the recesses 45, the piston 1 1 
becomes hollow. As a result, the weight of the piston 1 1 
is lessened in the same manner as the first embodi- 
ment. The recesses 45 are opened to the outer circum- 
ferential surface of the piston 1 1 and extend along the 
center axis S of the piston 1 1 . Accordingly, in the same 
manner as the grooves 44, the recesses 45 have the 
same function as the second groove 17 of the first 
embodiment. 

As described in the first embodiment, when a large 
side force Fa acts on the six o'clock position at the cir- 
cumferential surface of the piston 1 1 , a range El , which 
extends between three o'clock and nine o'clock about 
the six o'clock position on the circumferential surface. Is 
strongly pressed against the inner circumferential sur- 
face of the cylinder bore 2a. In addition, when the piston 
1 1 is arranged at the bottom dead center, a relatively 
large side force Fa acts on the twelve o'clock position on 
the circumferential surface of the piston 1 1 . 

Furthermore, when the piston 11 is arranged 
between the top dead center and the bottom dead 
center during the suction stroke as shown in Fig. 16. the 
piston 1 1 receives a reaction force Fs corresponding to 
the resultant force Fo of the conrpression reaction force 
and the inertial force from the swash plate 1 1 . The reac- 
tion force Fs is divided into a component force f^, which 
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is oriented along the moving direction of the piston 1 1 , 
and a component force f2. which is oriented toward the 
rotating direction R of the swash plate 9. The compo- 
nent force f2 acts as a force that inclines the rear side of 
the piston 1 1 in the direction of the component force ^2 s 
In addition, a sliding resistance is provided between the 
swash plate 9 and the shoes 12. Hence, the rotation of 
the swash plate 9 produces a force that inclines the rear 
side of the piston 1 1 in the same direction as the com- 
ponent force f2. Accordingly, when the rotating speed of ^ 
the swash plate 9 Is high, a large side force Fa acts on 
the circumferential surface of the piston 1 1 at the three 
o'clock position. 

Taking into consideration the above, in this embod- 
iment, the grooves 44 are provided on the circumferen- is 
tial surface of the piston 1 1 at locations excluding the 
twelve o'clock position and the range El that extends 
between three o'clock and nine o'clock. In other words, 
the grooves 44 are defined in the circumferential surface 
of the piston 1 1 at positions where influence of the side 20 
force Fa is small. Accordingly, the portion of the grooves 
44 in the piston 1 1 is prevented from being strongly 
pressed by the cylinder bore 2a. This enables the piston 
1 1 to slide smoothly in the cylinder bore 2a. 

The lubricating oil adhered to the inner circumferen- 25 
tial surface of the cylinder bore 2a is also collected in 
the grooves 44 during the reciprocation of the piston 1 1 
in the second embodiment. When the piston 11 moves 
near the bottom dead center, the grooves 44 become 
exposed to the inside of the crank chamber 5 from the 30 
cylinder bore 2a. and the lubricating oil collected in the 
grooves 44 are supplied to the crank chamber 5. Thus, 
even if the circumferential surface of the piston 1 1 is 
provided with only the grooves 44 that extend along the 
center axis S of the same piston 1 1 , the coupling portion 35 
between the swash plate 9 and the piston 1 1 may be 
satisfactorily lubricated in the same manner as the first 
embodiment. 

Since the second embodiment does not employ the 
first groove 16 of the first embodiment, problems such 40 
as interference between a groove extending in the cir- 
cunrrferential direction of the piston 11 and the edge of 
the cylinder bore 2a do not occur. Additionally, the 
advantageous effects of the first embodiment may be 
obtained by defining the grooves 44 at locations that 45 
receive little influence from the side force Fa. Further- 
more, the advantageous effects of having the piston 1 1 
formed in a hollow manner is the same as the first 
embodiment. 

The sliding resistance between the outer circumfer- so 
ential surface of the piston 1 1 and the inner circumfer- 
ential surface of the cylinder bore 2a becomes greater 
as the clearance K between the outer circumferential 
surface of the piston 1 1 and the inner circumferential 
surface of the cylinder bore 2a becomes smaller This is ss 
due to an adhering force that is produced between the 
piston 11 and the cylinder bore 2a by a force acting 
between the molecules of the lubricating oil contained in 
the refrigerant gas. The adhering force becomes 



smaller as the clearance K becomes larger. The lubri- 
cating oil exists between the outer circumferential sur- 
face of the piston 11 and the inner drcumferential 
surface of the cylinder bore 2a. The refrigerant gas in 
the cylinder bore 2a that leaks into the crank chamber 5 
through the clearance K during compression is thus 
suppressed. It is important that the leakage of the refrig- 
erant gas be suppressed to improve the compressing 
efficiency of the compressor. Thus, the depth of the 
grooves 44 is determined so as to minimize the adher- 
ing force produced by the force acting between the mol- 
ecules of the lubricating oil and to be within a range that 
does not degrade the refrigerant gas leakage suppress- 
ing function of the lubricating oil. Such grooves 44 
decrease the sliding resistance between the outer cir- 
cumferential surface of the piston 1 1 and the inner cir- 
cumferential surface of the cylinder bore 2a. 

Like the first embodiment, the compressor of this 
embodiment is a variable displacement compressor and 
is thus operated as long as the external drive source is 
moving. Accordingly, in such a type of compressor, a 
decrease in the sliding resistance between the piston 1 1 
and the cylinder bore 2a prevents a large degree of 
power loss- Thus, it is extremely effective when the pis- 
ton 1 1 provided with the grooves 44 is employed in com- 
pressors that are directly connected with the external 
drive source. 

The second emtxxJiment may be modified in the 
forms described below. 

A first modified form will now be described. In the 
above second embodiment, the grooves 44. which have 
a relatively wide width, are defined in the piston 11. 
However, as shown in Fig. 19, in lieu of the grooves 44 
of the second embodiment, a plurality of line-like 
grooves 46 are defined extending along the center axis 
S in the circumferential surface of the piston 1 1 in this 
modified form. The grooves 46 are provided in the cir- 
cumferential surface of the piston 1 1 at substantially the 
same location as the grooves 44. In the same manner 
as the grooves 44 of the second embodiment the depth 
of the grooves 46 is determined so as to minimize the 
adhering force produced by the force acting t)etween 
the molecules of the lubricating oil and to be within a 
range that does not degrade the refrigerant gas leakage 
suppressing function of the lubricating oil. Accordingly, 
the advantageous effects of the second embodiment 
are also obtained in the first modified form. 

In a second modified form, as shown in Fig. 20, the 
grooves 44 are provided in the circumferential surface of 
the piston 1 1 at a location excluding the six o'clock posi- 
tion and the range E2. which extends between nine 
o'clock and three o'clock. The grooves 44 are identical 
to the grooves 44 described in the second embodiment. 
The advantageous effects of the second embodiment 
are also obtained in the second modified form. 

In a third modified form, as shown in Rg, 21. the 
grooves 44 are provided in the circumferential surface of 
the piston 1 1 at a location excluding the twelve o'clock 
position, the three o'clock position, the six o'clock posi- 
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tion, and the nine o'clock position. The grooves 44 are 
identical to the grooves 44 described in the second 
embodiment. The piston 11 is formed, for example, by 
welding the opened end of a tubular body, which has a 
bottom wall, with a separate member. The advanta- 5 
geous effects 0I the second embodiment are also 
obtained in the third modified form. 

The present invention is not limited to the above 
embodiments and may be modified in the forms 
described below. 10 

(1) In each of the above embodiments, the second 
groove 1 7 and the grooves 44, 46 may be provided 
at any position on the circumferential surface of the 
piston 11 . In this case, it is preferable that the sec- is 
ond groove 1 7 and the grooves 44, 46 be provided 

in the circumferential surface of the piston 1 1 at a 
position excluding the six o'clock position, at which 
the side force Fa is generally maximum. It is more 
preferable that the second groove 17 and the 20 
grooves 44, 46 be provided at a location excluding 
the twelve o'clock, the three o'clock, and the six 
o'clock positions. A relatively large side force Fa 
also acts on the circumferential surface of the pis- 
ton 1 1 at the twelve o'clock and three o'clock posi- 25 
tions. 

(2) In each of the above embodiments, the number, 
length, depth, and. width of the second groove 17 
and the grooves 44, 46 may be altered as required. 30 

(3) In the first embodiment and each of the modified 
forms of the first embodiment, the depths of the first 
and second grooves 16, 17 are determined so as to 
minimize the adhering force produced by the force 3S 
acting between the molecules of the lubricating oil. 
and to be within a range that does not degrade the 
refrigerant gas leakage suppressing function of the 
lubricating oil. This decreases the sliding resistance 
between the outer circumferential surface of the 40 
piston 1 1 and the inner circumferential surface of 
the cylinder bore 2a. 

(4) In the second embodiment and each of the mod- 
ified forms of the second embodiment, the distal 45 
end of the grooves 44, 46 may be extended to the 
rear edge of the piston 1 1 . This constantly connects 
the grooves 44. 46 with the crank chamber 5. 

(5) In the second embodiment and eac h of the mod- so 
ified forms of the second embodiment, the inner 
bottom surface at the distal side of the grooves 44. 

46 may be formed as a sloped surface that is grad- 
ually connected to the circumferential surface of the 
piston 11. This prevents the distal edge of the ss 
grooves 44. 46 from interfering with the edge of the 
cylinder bore 2a when the piston 1 1 moves from the 
bottom dead center to the top dead center. 



(6) In the first and second embodiments, the 
present invention is embodied in a variable dis- 
placement compressor provided with a single 
headed piston. However, the present invention may 
also be embodied in, for example, a compressor 
having a swash plate which inclination is fixed, a 
double headed piston type compressor, a compres- 
sor in which the piston is coupled to a wobble plate 
by a rod as shown in Rg. 23. and a wave cam type 
compressor. The wave type compressor is a com- 
pressor provided with a wave cam having a wave- 
tike cam surface in lieu of the swash plate. 

Claims 

1. A compressor piston (11) reciprocated between a 
top dead center and a bottom dead center in a cyl- 
inder bore (2a) by means of a driving body (9) 
mounted on a rotary shaft (6) in a crank chamber 
(5) during the rotation of the rotary shaft (6). 

said piston (11) having an outer circumferen- 
tial surface that slides against an inner circumferen- 
tial surface of the cylinder bore (2a), the outer 
circumferential surface provided with a groove (17; 
44; 46) extending in the direction of the axis (S) of 
the piston (11). 

2. The compressor piston according to claim 1. 
wherein said groove (17; 44; 46) is exposed to the 
inside of the crank chamber (5) from the cylinder 
bore (2a) at least when the piston (1 1) is moved to 
the bottom dead center so as to draw lubricating oil 
that exists between the outer circumferential sur- 
face of the piston (11) and the inner circumferential 
surface of the cylinder bore (2a) into the crank 
chamber (5). 

3. The compressor piston according to daim 1, 
wherein said groove (17; 44; 46) is always directly 
connected with the crank chamber (5) to draw the 
lubricating oil that exists between the outer circum- 
ferential surface of the piston (11) and the inner cir- 
cumferential surface of the cylinder bore (2a) into 
the crank chamber (5). 

4. The compressor piston according to daim 1, 
wherein said groove (17; 44; 46) is provided in the 
circumferential surface of the piston (1 1) at a posi- 
tion excluding the position strongly pressed against 
the inner circumferential surface of the cylinder 
bore (2a). 

5. The compressor piston according to daim 4, 
wherein an imaginary straight line (M) is defined 
extending through a center axis (L) of the rotary 
shaft (6) and the center axis (8) of the piston (1 1) 
when viewing the piston (11) so as a rotating direc- 
tion (R) of the rotary shaft (6) is dockwise. and 
among the intersecting points (P1), (P2) at which 
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the straight line (M) and the outer circumferential 
surface of the piston (11) intersect, the farther point 
(PI) from the center axis (L) of the rotary shaft (6) 
corresponds to a twelve o'clock position, wherein a 
groove (1 7; 44; 46) is provided in the circumferen- 5 
tial surface of the piston ( 1 1 ) at a position excluding 
the twelve o'clock position, the three o'clock posi- 
tion, and the six o'clock position. 

6- The compressor piston according to claim 5. 10 
wherein said groove (17; 44; 46) is provided in the 
circumferential surface of the piston (11) within a 
range (E) extending between nine o'clock and ten 
thirty. 

15 

7. The compressor piston according to claim 5. 
wherein said groove (17; 44; 46) is provided in the 
circumferential surface of the piston (11) within a 
range (E3) extending between seven thir^ and nine 
o'clock. 20 

8. The compressor piston according to claim 1. 
wherein lubricating oil existing between the outer 
circumferential surface of said piston (11) and the 
inner drcumferential surface of the cylinder bore 25 
(2a) suppresses leakage of refrigerant gas from the 
cylinder bore (2a) to the crank chamber (5) through 
the space between the outer circumferential sur- 
face of the piston (11) and the inner circumferential 
surface of the cylinder bore (2a) while also produc- 30 
ing an adhering force between the outer circumfer- 
ential surface of the piston (11) and the inner 
circumferential surface of the cylinder bore (2a), 
wherein the depth of said groove (17; 44; 46) is set 
so as to minimize said adhering force within a range 35 
that does not degrade the refrigerant gas leakage 
suppressing function of the lubricating oil. 

9. The compressor piston according to claim 1, 
wherein said piston (1 1) Is hollow. 40 



10. The compressor piston according to claim 2, 
wherein an inner bottom surface at the distal end of 
the groove (17; 44; 46) is formed as a sloped sur- 
face gradually connected to the outer circumferen- 45 
tial surface of the piston (1 1 ). 

11. The compressor piston according to claim 1. 
wherein the outer circumferential surface of said 
piston (11) is further provided with a recovering so 
means (16) for collecting lubricating oil adhered to 

the inner circumferential surface of the cylinder 
bore (2a) at a position that is constantly unexposed 
from the inside of the cylinder bore (2a), the lubri- 
cating oil in the recovering means (16) being drawn 55 
into the crank chamber (5) by means of a groove 
(17) extending in the direction of the axis (S) of the 
piston (11). 



12. The compressor piston according to claim 11. 
wherein said recovering means is a recovering 
groove (17) defined in the outer circumferential sur- 
face of the piston (11). 

13. The compressor piston according to claim 12. 
wherein said recovering groove (17) extends In a 
circumferential direction of the piston (11). 

14. The compressor piston according to claim 13. 
wherein said recovering groove (1 7) is annular. 

15. The conpressor piston according to claim 12. 
wherein the groove (17) exterding in the direction 
of the axis (S) of the piston (1 1) is separated from 
the recovering groove (16). and wherein both 
grooves (16), (17) are communicated to each other 
through a narrow clearance (K) defined between 
the outer circumferential surface of the piston (1 1) 
and the inner circumferential surface of the cylinder 
bore (2a). 

16. The compressor piston according to claim 12. 
wherein the groove (17) extending in the direction 
of the axis (S) of the piston (1 1) is connected to the 
recovering groove (16). 

17. The compressor piston according to claim 12. 
wherein the groove (17) extending in the direction 
of the axis (S) of the piston (11) is provided in the 
circumferential surface of the piston (1 1) at a posi- 
tion excluding the position strongly pressed against 
the inner circumferential surface of the cylinder 
bore (2a). 

18. The compressor piston according to claim 17, 
wherein an imaginary straight line (M) is defined 
extending through a center axis (L) of the rotary 
shaft (6) and a center axis (S) of the piston (11) 
when viewing the piston (1 1) so as a rotating direc- 
tion (R) of the rotary shaft (6) is clockwise, and 
among the intersecting points (PI), (P2) at which 
the straight line (M) and the outer circumferential 
surface of the piston (1 1 ) intersect, the farther point 
(P1) from the center axis (L) of the rotary shaft (6) 
corresponds to a twelve o'clock position, wherein 
the groove (17) is provided in the circumferential 
surface of the piston (1 1) at a position excluding the 
twelve o'clock position, the three o'clock position, 
and the six o'clock position. 

19. A piston type compressor comprising a housing (1 . 
2, 3) provided with a cylinder bore (2a) and a crank 
chamber (5). a rotary shaft (6) rotatably supported 
in the housing (1. 2. 3). a driving txxJy (9) mounted 
on the rotary shaft (6) in the crank chamber (5). and 
a piston (11) accommodated in the cylinder bore 
(2a), the piston (11) reciprocated between a top 
dead center and a bottom dead center in the cylin- 
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der bore (2a) by means of the driving body (9) dur- 
ing the rotation of the rotary shaft (6). 

said piston (1 1) having an outer circumferen- 
tial surface that slides against an inrier circumferen- 
tial surface of the cylinder bore (2a). the outer 
circumferentia! surface provided with a groove (17; 
44; 46) extending in the direction of an axis (S) of 
the piston (11). 

20. The piston type compressor according to claim 19, 
wherein said groove (17; 44; 46) is exposed to the 
inside of the crank chamber (S) from the cylinder 
bore (2a) at least when the piston (11) is moved to 
the bottom dead center so as to draw lubricating oil 
that exists between the outer circumferential sur- 
face of the piston (11) and the inner circumferential 
surface of the cylinder bore (2a} Into the crank 
chamber (5). 

21 . The piston type compressor according to claim 20, 
wherein said groove (17; 44; 46) is provided in the 
circumferential surface of the piston (1 1 ) at a posi- 
tion excluding the position strongly pressed against 
the inner circumferential surface of the cylinder 
bore {2a). 

22. The piston type compressor according to daim 21 . 
wherein an imaginary straight line (M) Is defined 
extending through a center axis (L) of the rotary 
shaft (6) and the center axis (S) of the piston (1 1) 
when viewing the piston (1 1) so as a rotating direc- 
tion (R) of the rotary shaft (6) is clockwise, and 
among the intersecting points (PI), (P2) at which 
the straight line (M) and the outer circumferential 
surface of the piston (11) intersect, the farther point 
(PI) from the center axis (L) of the rotary shaft (6) 
corresponds to a twelve o'clock position, wherein a 
groove (1 7; 44; 46) is provided in the circumferen- 
tial sur^ce of the piston (1 1) at a position excluding 
the twelve o'clock position, the three o'clock posi- 
tion, and the six o'clock position. 

23. The piston type compressor according to claim 22, 
wherein said groove (17; 44; 46) Is provided in the 
circumferential surface of the piston (11) within a 
range (E) extending between nine o'clock and ten 
thirty. 

24. The piston type compressor according to claim 22. 
wherein said groove (17; 44; 46) is provided in the 
circumferential surface of the piston (11) within a 
range (E3) extending between seven thirty and nine 
o'clock. 

25. The piston type compressor according to claim 22. 
wherein the lubricating oil existing between the 
outer circumferential surface of said piston (11) and 
the inner circumferential surface of the cylinder 
bore (2a) suppresses leakage of refrigerant gas 



from the cylinder bore (2a) to the crank chamber (5) 
through the space between the outer circumferen- 
tial surface of the piston (11) and the inner circum- 
ferential surface of the cylinder bore (2a) while also 

5 producing an adhering force between the outer cir- 

cumferential surface of the piston (11) and the inner 
circumferential surface of the cylinder bore (2a), 
wherein the depth of said groove (1 7; 44; 46) is set 
so as to minimize said adhering force within a range 

10 that does not degrade the refrigerant gas leakage 
suppressing function of the lubricating oil. 

26. The piston type compressor according to claim 22, 
wherein an inner bottom surface at the distal end of 

15 the groove (17; 44; 46) is formed as a sloped sur- 
face gradually connected to the outer circumferen- 
tial surface of the piston (1 1). 

27. The piston type compressor according to claim 22, 
20 wherein the outer circumferential surface of said 

piston (11) is further provided with a recovering 
groove (16) for collecting lubricating oil adhered to 
the inner circumferential surface of the cylinder 
bore (2a) at a position that is constantly unexposed 
25 from the inside of the cylinder bore (2a), the lubri- 
cating oil in the recovering groove (16) being drawn 
into the crank chamber (5) by means of a groove 
(17) extending in the direction of the axis (S) of the 
piston (11). 

30 

28. The piston type compressor according to claim 27, 
wherein said recovering groove (16) extends in a 
circumferential direction of the piston (11) and is 
annular. 

35 

29. The piston type compressor according to claim 27, 
wherein the groove (17) extending in the direction 
of the axis (S) of the piston (11) is separated from 
the recovering groove (16). and wherein both 

40 grooves (16), (1 7) are communicated to each other 
through a narrow clearance (K) defined between 
the outer circumferential surface of the piston (11) 
and the inner circumferential surface of the cylinder 
bore (2a). 

45 

30. The piston type compressor according to claim 27. 
wherein the groove (17) extending in the direction 
of the axis (S) of the piston (11) is defined In the 
Inner circumferential surface of the cylinder bore 

so (2a) either in lieu of the outer circumferential sur- 
face of the piston (1 1) or in addition to the outer cir- 
cumferential surface of the piston (11). 

31. The piston type compressor according to claim 27. 
55 wherein said piston (1 1 ) Is hollow. 

32. The piston type compressor according to claim 27, 
wherein said piston Is a single-headed piston (11) 
provided with a head on one of its ends, wherein 
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said drive body includes a swash plate (9) mounted 
on the rotary shaft (6) so as to enable integral rota- 
tion, wherein said swash plate (9) and the rear side 
of the piston (1 1) has a shoe (12) arranged therebe- 
tween, and wherein the rotating movement of the 5 
swash plate (9) is converted to the reciprocating 
movement of the piston (1 1) by means of the shoe 
(12). 

33. The piston type compressor according to daim 27, 10 
wherein said piston is a single-headed piston (11) 
provided with a head on one of its ends, wherein 
said drive body Includes a swash plate (9) mounted 
on the rotary shaft (6) so as to enable inclination, 
said swash plate (9) altering its inclining angle with 15 
respect to the rotary shaft (6) in accordance with 
the difference in the pressure in the crank chamber 
(5) and the pressure in a suction chamber (3a). 
wherein the inclining angle of the swash plate (9) 
alters the moving stroke of the piston (1 1) to adjust 20 
displacement 
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